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signal obtained by adding a feedforward torque command
signal and the feedback torque command signal, and outputs

a result of the subtraction as a torque command correction
signal.
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DEVICE FOR CONTROLLING ELECTRIC
MOTOR

BACKGROUND

1. Technical Field

The present invention relates to an electric motor control
device that controls, with respect to a mechanical load
driven by the electric motor, a driving operation of the
clectric motor with respect to a speed, a position, or the like.
In particular, the present invention relates to an electric
motor control device including a control configuration for
suppressing vibration caused by antiresonance of a mechani-
cal load when the mechanical load 1s being driven.

2. Description of the Related Art

This type of electric motor control device internally has at
least one of a feedforward control system and a feedback
control system so that a position command having been
input from a high-level controller can coincide with posi-
tions of the electric motor and a control target load (1n other
words, a mechanical load). Such an electric motor control
device controls the positions of the electric motor and the
control target load (mechanical load) as follows. The electric
motor control device calculates, from the position command
and a detection value of a position of the electric motor, a
torque command value for making the position command
comncide with the position of the electric motor, and the
clectric motor control device controls a current supplied to
a stator winding wire of the electric motor 1n such a manner
that the electric motor can generate the same torque as that
of a torque command value. However, if a mechanical
rigidity of a joint part between the electric motor and the
control target load (imechanical load) 1s low, vibration tends
to occur due to antiresonance on the control target load
(mechanical load) at a time of acceleration or deceleration or
when external disturbance i1s applied. Therefore, it 1s con-
sidered as an object to further improve settling property and
external disturbance suppression performance compared to
the conventional level.

To address this object, a conventional feed control device
1s configured as follows to suppress the vibration occurring
on a control target load (mechanical load) at the time of
acceleration or deceleration or when an external disturbance
1s applied. An acceleration sensor 1s provided on a slider that
1s the control target load (mechanical load), and an accel-
eration feedback loop 1s provided in which a detected
acceleration value of the control target load (mechanical
load) 1s multiplied by an acceleration feedback gain func-
tioming as a weighting coeflicient and 1n which a result of the
multiplication 1s subtracted from the torque command value
(for example, see Unexamined Japanese Patent Publication
No. 116-91482).

In a configuration represented in Unexamined Japanese
Patent Publication No. 116-91482 or the like, as the accel-
eration feedback gain 1s set larger, vibration depending on
the mechanical ngidity becomes smaller. On the other hand,
when this configuration 1s applied to an electric motor
control device having a feediorward control system, a torque
necessary to accelerate or decelerate the load 1s subtracted
from the torque command value. Therefore, there 1s a
problem that command follow-up performance 1s deterio-
rated, thereby causing operation delay, overshoot, under-
shoot, or the like just before stopping and that it 1s 1mpos-
sible to satisty both of settling property and vibration
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2

suppression. In other word, there 1s a trade-ofl relation
between an acceleration feedback gain (acceleration feed-
back amount) and command follow-up performance, and
more improvement 1s demanded to satisty both of settling
property and vibration suppression.

SUMMARY

A first aspect for solving the object 1s directed to an
clectric motor control device that drives a control target load
(mechanical load), the electric motor control device 1nclud-
ing a feediorward controller, a feedback controller, and an
adder-subtractor.

The feedforward controller receives a position command
signal to specily a target position of the control target load
and outputs a feedforward position command signal repre-
senting a target position of the electric motor, a feedforward
speed command signal representing a target speed of the
clectric motor, and a feedforward torque command signal
representing a torque necessary for the electric motor to
perform an operation indicated by the target position or the
target speed.

The feedback controller recerves the feedforward position
command signal, the feedforward speed command signal, an
clectric motor position signal representing a position of the
clectric motor, an electric motor speed signal representing a
speed of the electric motor, and outputs a feedback torque
command signal representing a torque command to perform
teedback control in such a manner that the electric motor
position signal and the feedforward position command sig-
nal coincide with each other.

The adder-subtractor subtracts a load acceleration feed-
back torque signal obtained by multiplying a load accelera-
tion signal representing acceleration of the control target
load by a load acceleration feedback gain from a torque
command signal obtained by adding the feedforward torque
command signal and the feedback torque command signal,
and outputs a result of the subtraction as a torque command
correction signal.

The feedforward controller generates the feedforward
torque command signal so as to previously compensate an
cllect of the load acceleration feedback torque signal that 1s
subtracted from the torque command signal at a time of an
acceleration-deceleration operation.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing an example of a configura-
tion of an electric motor control device 1n a first exemplary
embodiment of the present invention.

FIG. 2 1s a diagram showing an example of a configura-
tion of a load acceleration corrector 1n the first exemplary
embodiment of the present invention.

FIG. 3 1s a diagram showing an example of a configura-
tion of a feedforward torque command generator 1n the first
exemplary embodiment of the present invention.

FIG. 4 1s a diagram showing an example of a configura-
tion of an electric motor control device 1n a second exem-
plary embodiment of the present invention.

FIG. 5 1s a diagram showing an example of a configura-
tion of a feedforward torque command generator of the
second exemplary embodiment of the present invention.

DETAILED DESCRIPTION

The present mvention solves a conventional object. An
object of the present invention 1s to provide an electric motor
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control device 1n which both of settling property and vibra-
tion suppression can be satisfied in the electric motor control
device having a feedforward control system and a load
acceleration feedback system, by obtaining a vibration sup-
pression ellect due to the load acceleration feedback while
maintaining command follow-up performance. That 1s, by
relaxing or removing a trade-ofl relation between a load
acceleration feedback gain (acceleration feedback amount)
and command follow-up performance, the present invention
provides an electric motor control device 1n which a vibra-
tion suppression ellect 1s enhanced by acceleration feedback
from a load side and, at the same time, the command
follow-up performance 1s maintained.

In order to solve the above object, the inventors of the
present application have earnestly studied, making trials and
errors. As a result, the inventors have conceived a novel
clectric motor control device i which the vibration sup-
pression eflect 1s enhanced by acceleration feedback from a
load side and, at the same time, a command follow-up
performance 1s maintained. The details will be described
below.

A first aspect for solving the object 1s directed to an
clectric motor control device that drives a control target load
(mechanical load), the electric motor control device 1includ-
ing a feedforward controller, a feedback controller, and an
adder-subtractor.

The feedforward controller receives a position command
signal to specily a target position of the control target load
and outputs a feediforward position command signal repre-
senting a target position of the electric motor, a feedforward
speed command signal representing a target speed of the
clectric motor, and a feedforward torque command signal
representing a torque necessary for the electric motor to
perform an operation indicated by the target position or the
target speed.

The feedback controller receives the feedforward position
command signal, the feedforward speed command signal, an
clectric motor position signal representing a position of the
clectric motor, an electric motor speed signal representing a
speed of the electric motor, and outputs a feedback torque
command signal representing a torque command to perform
teedback control in such a manner that the electric motor
position signal and the feedforward position command sig-
nal coincide with each other.

The adder-subtractor subtracts a load acceleration feed-
back torque signal obtained by multiplying a load accelera-
tion signal representing acceleration of the control target
load by a load acceleration feedback gain from a torque
command signal obtained by adding the feedforward torque
command signal and the feedback torque command signal,
and outputs a result of the subtraction as a torque command
correction signal.

The feediorward controller generates the feedforward
torque command signal so as to previously compensate an
ellect of the load acceleration feedback torque signal that 1s
subtracted from the torque command signal at a time of an
acceleration-deceleration operation.

Further, in a second aspect, the feedforward controller
generates, 1 the electric motor control device of the first
aspect, the feedforward torque command signal by multi-
plying a feedforward acceleration command signal calcu-
lated by second-order differentiating the feedforward posi-
tion command signal by an additional value of inertia of the
clectric motor, inertia of the control target load, and the load
acceleration feedback gain.

Further, in a third aspect, the adder-subtractor generates,
in the electric motor control device of the first aspect, a
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4

torque command correction signal by subtracting from the
torque command signal a load acceleration feedback torque

signal obtained by multiplying a signal obtained by per-
forming a filtering process on the load acceleration signal
representing the acceleration of the control target load by the
load acceleration feedback gain.

The feediforward controller generates the feedforward
torque command signal by adding following two signals: a
signal obtained by multiplying a feedforward acceleration
command signal calculated by second-order diflerentiating
the feedforward position command signal by an additional
value of imertia of the electric motor and inertia of the
control target load; and a signal obtained by multiplying a
signal obtained by performing a filtering process equivalent
to the filtering process on the feedforward acceleration
command signal by the load acceleration feedback gain.

With the above object solved, the electric motor control
device having the feedforward control system and the load
acceleration feedback system can enhance the vibration
suppression eflect due to the load acceleration feedback
while mamntaiming the command follow-up performance
without lowering the command follow-up performance due
to the load acceleration feedback. Therefore, 1t 1s possible to
satisty both of the settling property and the vibration sup-
pression.

The electric motor control device of the present invention
previously compensates, 1n the feedforward torque calcula-
tion by the feedforward control system, an amount of the
acceleration-deceleration torque reduced by the load accel-
eration feedback. The electric motor control device of the
present 1mvention can enhance the vibration suppression
ellect due to the load acceleration feedback while maintain-
ing the command follow-up performance, and has therefore
a large industrial value.

In the following, exemplary embodiments of the present
invention will be described with reference to the drawings.
Note that the present invention i1s not limited to the exem-
plary embodiments.

First Exemplary Embodiment

FIG. 1 1s a diagram showing an example of a configura-
tion of an electric motor control device 1n a first exemplary
embodiment of the present invention. Electric motor control
device 100 shown 1n FIG. 1 1s connected to electric motor
201, position detector 202 that detects a position of electric
motor 201, and acceleration detector 205 that detects accel-
eration of load 204, which 1s a driving target and i1s con-
nected to electric motor 201 via joint part 203. To electric
motor control device 100, a position command signal 1s
input from a high-level controller (not shown), and electric
motor control device 100 controls a current supplied to a
stator winding wire of the electric motor 1n such a manner
that the position command signal coincides with positions of
the electric motor and a control target load (a mechanical
load). Position detector 202 detects the position of the
clectric motor and outputs the detected position as electric
motor position signal Om to electric motor control device
100. Acceleration detector 205 detects acceleration of the
load and outputs the detected acceleration to electric motor
control device 100 as load acceleration signal AL.

A configuration of electric motor control device 100 will
be described. Electric motor control device 100 internally
has feedforward controller 1001, feedback controller 1002,
torque controller 103, speed converter 104, load acceleration
corrector 105, and adder-subtractor 108. Feedforward con-
troller 1001 receirves position command signal Os, and
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outputs feedforward position command signal 011 represent-
ing a target operation of the electric motor, feedforward
speed command signal oil, and feedforward torque com-
mand signal T, which 1s a torque necessary for the electric
motor to perform the target operation.

Feedback controller 1002 receives feedforward position
command signal Of, feedforward speed command signal
wil, electric motor position signal Om, and electric motor
speed signal om calculated from electric motor position
signal Om by speed converter 104, and outputs feedback
torque command signal tib representing a torque for reduc-
ing a positional difference between feedforward position
command signal Ol and electric motor position signal Om
and a speed diflerence between feedforward speed command
signal wil and electric motor speed signal mm.

Adder-subtractor 108 outputs torque command correction
signal 1n obtained by subtracting load acceleration feedback
torque signal tacc to be described later from torque com-
mand signal Ts that 1s an additional value of feedforward
torque command signal Til and feedback torque command
signal tib. Torque controller 103 receives torque command
correction signal in and controls the current supplied to a
stator winding wire of the electric motor 1n such a manner
that the electric motor generates the same torque as that of
torque command correction signal Tin.

Load acceleration corrector 105 recerves load accelera-
tion correction signal AL obtained by subtracting command
acceleration signal As from load acceleration signal AL and
outputs load acceleration feedback torque signal Tacc.

As described above, electric motor control device 100
internally has a feedforward control system and a cascade-
type feedback control system in which the electric motor
position, the electric motor speed, and the load speed are fed
back 1n such a manner that the position command coincides
with the positions of the electric motor and the load.

Next, a configuration of the electric motor control device
will be described 1n detail.

Feedtforward controller 1001 internally has feedforward
operation command generator 106 and feediorward torque
command generator 107.

Feediorward operation command generator 106 receives
position command signal Os and outputs feedforward posi-
tion command signal Off, feedforward speed command sig-
nal oil, and feedforward acceleration command signal Afl.
For example, feedforward operation command generator
106 outputs position command signal Os as 1s as feedforward
position command signal 0fl. Feedforward operation com-
mand generator 106 calculates feedforward speed command
signal mil by performing a first-order differential operation
on feediorward position command signal 01I, and calculates
teedforward acceleration command signal Afl by perform-
ing a second-order differential operation on feedforward
position command signal O1f.

Feediorward torque command generator 107 receives
teedforward acceleration command signal Afl and outputs
teedforward torque command signal Til, which 1s a torque
necessary for the acceleration of electric motor 201 or load
204 to coincide with feedforward acceleration command
signal Afl.

For example, feedforward torque command generator 107
calculates feedforward torque command il by multiplying
teedforward acceleration command Afl by a weighting coet-
ficient representing total inertia of the electric motor, the
load, or the like. Note that a configuration, 1n feedforward
torque command generator 107, for calculating feedforward
torque command signal i will be described later 1n detal.
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As described above, feediorward controller 1001 outputs
teedforward position command signal 0ff, feedforward
speed command signal owil, and feedforward torque com-
mand signal il on the basis of position command signal Os
having been input, by the actions of feediforward operation
command generator 106 and feedforward torque command
generator 107. Feedback controller 1002 internally has posi-
tion controller 101 and speed controller 102. Position con-
troller 101 receives feedforward position command signal
Ol and electric motor position signal Om, and outputs speed
command signal ws for reducing the difference between
teedforward position command signal 01 and electric motor
position signal Om. Position controller 101 performs, for
example, a proportional control calculation 1n which a result
of multiplying feedforward position command signal 01l and
clectric motor position signal Om by a weighting coethicient
1s output as speed command signal ms.

Speed controller 102 receives feediorward speed com-

mand signal oil

, speed command signal ws, and electric
motor speed signal mm. Speed controller 102 outputs feed-
back torque command signal tib for reducing the difference
between electric motor speed signal om and an additional
value of feedforward speed command signal wil and speed
command signal ws. Speed controller 102 performs, for
example, a proportional integral operation in which an
additional value of the following two calculation results 1s
output as feedback torque command signal tib: (1) a result
of multiplying by a weighting coeflicient a result of sub-
tracting electric motor speed signal om from an additional
value of feedforward speed command signal il and speed
command signal ws, and (1) a result of multiplying by a
welghting coeflicient an integral value of a result of sub-
tracting electric motor speed signal om from an additional
value of feedforward speed command signal wil and speed
command signal ws.

As described above, feedback controller 1002 outputs
teedback torque command signal tib on the basis of the
following signals having been mput: feedforward position
command signal 0ff; feediorward speed command signal
wil; electric motor position signal Om; and electric motor
speed signal om.

Speed converter 104 receives electric motor position
signal Om and outputs electric motor speed signal mm
representing an electric motor speed. Speed converter 104
performs, for example, a differential operation on electric
motor position signal Om, and outputs the result of the
differential operation as electric motor speed signal mm.

Load acceleration corrector 105 receives load accelera-
tion signal AL and outputs, as load acceleration feedback
torque signal Ttacc, a value obtamned by multiplying load
acceleration signal AL by a weighting coeflicient. Then, a
value obtamned by subtracting load acceleration feedback
torque signal Tacc from torque command signal Ts, which 1s
an additional value of feedforward torque command signal
il and feedback torque command signal Tib, 1s mput to
torque controller 103 as torque command correction signal
Tin.

However, when the electric motor or the load 1s acceler-
ated or decelerated to make electric motor position signal
Om or load position OL follow position command signal Os,
il load acceleration feedback torque signal tacc 1s subtracted
from torque command signal ts, load acceleration feedback
torque signal Tacc 1s subtracted from feedforward torque
command signal til, which 1s calculated as the torque
necessary for an acceleration-deceleration operation. An
action when load acceleration feedback torque signal Tacc 1s
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subtracted from feedforward torque command signal il will
be described together with a working principle of load
acceleration corrector 105.

FIG. 2 1s a diagram showing an example of a configura-
tion of load acceleration corrector 105 in the first exemplary
embodiment of the present immvention. Load acceleration
corrector 105 receives load acceleration signal AL and
outputs, as load acceleration feedback torque signal tacc, a
value obtained by multiplying load acceleration signal AL
by load acceleration feedback gain Kacc, which 1s a weight-
ing coethicient. At this time, assuming that command accel-
cration signal As=0, a transfer function Gts—0m(s) of
clectric motor position signal Om with respect to torque
command signal ts and a transfer function Gts—0L(s) of
load position OL with respect to the torque command signal
are respectively represented by following Equations (1) and

(2).

1, (1)

1 —2'5 +1
()
G — G — ] £
oo = TR o :
—!2 " +1
Wy
Gt 1 1 (2)
5 S) = )
Ttk (Jm'l‘JL'l'Kacﬂ)'Sz 1 3
_J'Z.S +1
Wp
N (3)
“p = 77 :
K )
w, = | —
£ JL

In Equations (1) and (2), s 1s a Laplace operator, Jm 1s
inertia of electric motor 201, JL 1s inertia of load 204, w'p 1s
a resonance Irequency in a transier characteristic from
torque command signal Ts to electric motor position signal
Om, and wz 1s an antiresonance frequency in a transfer
characteristic from torque command signal Ts to electric
motor position signal Om. The relation between electric
motor inertia Jm, load inertia JL, and load acceleration
teedback gain Kacc and resonance frequency w'p 1s repre-
sented by Equation (3). The relation between electric motor
inertia Jm, load inertia JL, and load acceleration feedback
gain Kacc and antiresonance frequency wz 1s represented by
Equation (4). In Equations (3) and (4), Ks represent an
clastic modulus of joint part 203. When load 204 1s driven
by electric motor control device 100 via electric motor 201,
vibration at antiresonance frequency wz 1s excited on load
204 by an acceleration-deceleration operation, and the vibra-
tion 1s a cause for deteriorating settling property at the time
of stopping.

Equation (1) shows that when load acceleration feedback
gain Kacc 1s 1ncreased, resonance frequency w'p becomes
larger, but antiresonance frequency mz does not change. As
the difference between the resonance frequency and the
antiresonance irequency becomes larger, the gain at the
antiresonance frequency becomes smaller, so that an eflect
of the antiresonance becomes smaller. On the other hand,
Equations (1) and (2) show that the relation between electric
motor position signal Om and load position 0L with respect
to torque command signal ts 1s the relation represented by
the next Equation (3).
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(5)

Equation (5) shows that the relation between electric
motor position signal Om and load position OL 1s constant
regardless of load acceleration feedback gain Kacc. There-
fore, when the gain of the transfer characteristic of electric
motor position signal Om with respect to torque command
signal Ts at antiresonance frequency wz becomes smaller
due to load acceleration feedback gain Kacc being increased
in Equation (1), the gain of the transter characteristic of load
position OL with respect to torque command signal Ts at
antiresonance frequency mz becomes accordingly smaller.
As a result, the vibration of load 204 at antiresonance
frequency wz caused by an acceleration-deceleration opera-
tion also becomes smaller.

Therefore, with the load acceleration being fed back by
load acceleration corrector 105, the gain, 1n other words, the
sensitivity at the antiresonance frequency 1s reduced by the
above principle. As a result, when electric motor control
device 100 1s used to drive electric motor 201 or load 204,
it 1s possible to reduce the antiresonant vibration caused on
load 204 at the time of an acceleration-deceleration opera-
tion or when external disturbance 1s applied.

As described above, by causing load acceleration correc-
tor 105 to feed back load acceleration signal AL, 1t 1s
possible to obtain an effect of suppressing the vibration due
to the antiresonance.

On the other hand, with reference to Equations (1) and (2),
it 1s understood from the transier functions of electric motor
position signal Om and load position OL with respect to
torque command signal ts that the total nertia 1s an addi-
tional value of electric motor 1nertia Jm, load 1nertia JL, and
load acceleration feedback gain Kacc. That 1s, 1t 1s shown
that due to the load acceleration feedback being performed
by load acceleration corrector 105, the total nertia of the
control target constituted by electric motor 201 and load 204
with respect to torque command signal Ts 1s increased by an
amount of load acceleration feedback gain Kacc.

This means that a subtraction of load acceleration feed-
back torque command tacc from torque command signal Ts
1s equivalent to an increase in the total nertia of the control
target with respect to torque command signal Ts by an
amount of load acceleration feedback gain Kacc.

In a case where the change 1n the total inertia due to the
acceleration feedback of the control target load with respect
to torque command signal Ts 1s not considered 1n feedior-
ward torque command generator 107, even 11 only feedior-
ward torque command signal Til 1s applied to the electric
motor at the time of an acceleration-deceleration operation,
the operation command having been output from the feed-
forward operation command generator and the operation of
the electric motor do not coincide with each other. That 1s,
the command follow-up performance of the feedforward
control 1s deteriorated.

Although the difference between the operation command
and the operation of the electric motor 1s compensated by
position controller 101 and speed controller 102 so that the
operation command and the operation of the electric motor
can coincide with each other, position controller 101 and
speed controller 102 perform control depending on the
deviation between the operation command and the operation
of the electric motor stemming from non-coincidence
between the operation command and the operation of the
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clectric motor. Accordingly, the control has a delay, and the
delay causes operation delay, overshoot, undershoot, or the
like just before stopping.

That 1s, as the load acceleration feedback gain 1s increased
in the electric motor control device having the feedforward
control system and the load acceleration feedback system,
the command follow-up performance becomes deteriorated,
thereby causing operation delay, overshoot, undershoot, or
the like just before stopping. In other word, there 1s a
trade-ofl relation between an acceleration feedback gain
(acceleration feedback amount) and command follow-up
performance, and there 1s a problem that both of settling
property and vibration suppression cannot be satistied.

To prevent operation delay, overshoot, or undershoot just
before stopping and to satisiy both of the settling property
and the vibration suppression, load acceleration feedback
torque signal Ttacc, which 1s an amount of reduction from
torque command signal ts by the load acceleration feedback,
needs to be considered in the calculation of feedforward
torque command signal Tl by feedforward torque command
generator 107. In other words, 1t 1s necessary to consider the
change 1n the total inertia of the control target with respect
to torque command signal Ts caused by the load acceleration
teedback.

FIG. 3 1s a diagram showing an example of a configura-
tion of feedforward torque command generator 107 in the
first exemplary embodiment of the present invention. Feed-
forward torque command generator 107 multiplies 1nput
teedforward acceleration command Afl by an additional
value of electric motor inertia Jm, load inertia JL, load
acceleration feedback gain Kacc to calculate the feedior-
ward torque command signal.

As described above, 1n electric motor control device 100,
when feedforward torque command generator 107 calculates
teedforward torque command til from feediorward accel-
eration command signal Afl, load acceleration feedback gain
Kacc 1s considered 1n addition to the inertias of the electric
motor and the load, so that feedforward torque command til
1s calculated, taking into consideration of an effect caused by
the change, due to the load acceleration feedback, in the total
inertia of the control target with respect to torque command
ts. This arrangement reduces the difference between the
operation command and the operation of the electric motor
at the time of an acceleration-deceleration operation, thereby
improving the command follow-up performance, and opera-
tion delay, overshoot, undershoot, or the like just before
stopping can therefore be improved.

As described above, 1n the present exemplary embodi-
ment, since an amount of reduction in the acceleration-
deceleration torque due to the load acceleration feedback 1s
previously compensated 1n the feedforward torque calcula-
tion by the feedforward control system, 1t 1s possible to
enhance the vibration suppression eflect due to the load
acceleration feedback while maintaining the command fol-
low-up performance. As a result, the vibration suppression
eflect 1s achieved due to the load acceleration feedback, and,
at the same time, the command follow-up performance 1is
maintained; therefore, both of the settling property and the
vibration suppression can be satisfied.

As described above, electric motor control device 100 of
the present exemplary embodiment 1s an electric motor

control device that drives a control target load, and includes
feedforward controller 1001, feedback controller 1002, and

adder-subtractor 108. Feedforward controller 1001 receives
position command signal Os to specily a target position of
the control target load and outputs feediforward position
command signal Off representing a target position of the
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10

clectric motor, feedforward speed command signal wil rep-
resenting a target speed of the electric motor, and feedfor-
ward torque command signal Tl representing a torque
necessary for the electric motor to perform an operation
indicated by the target position or the target speed. Feedback
controller 1002 receives feediorward position command
signal 01I, feedforward speed command signal wil, electric
motor position signal Om representing a position of the
clectric motor, electric motor speed signal mm representing
a speed of the electric motor, and outputs feedback torque
command signal tib representing a torque command to
perform feedback control 1n such a manner that electric
motor position signal Om and feedforward position com-
mand signal 0l coincide with each other. Adder-subtractor
108 subtracts load acceleration feedback torque signal tacc
obtained by multiplying load acceleration signal AL repre-
senting acceleration of the control target load by load
acceleration feedback gain Kacc from torque command
signal ts obtained by adding feedforward torque command
signal TiI and feedback torque command signal Tib, and
adder-subtractor 108 outputs a result of the subtraction as
torque command correction signal Tin. Feedforward control-
ler 1001 generates feediorward torque command signal tif
so as to previously compensate an eflect of the load accel-
cration feedback torque that 1s subtracted from torque com-
mand signal ts at the time of an acceleration-deceleration
operation.

As a result, since an amount of reduction 1n the accelera-
tion-deceleration torque due to the load acceleration feed-
back 1s previously compensated in the feedforward torque
calculation by the feediforward control system, 1t 1s possible
to enhance the vibration suppression effect due to the load
acceleration feedback while maintaiming the command fol-
low-up performance. As a result, the vibration suppression
eflect 1s achieved due to the load acceleration feedback, and.,
at the same time, the command follow-up performance is
maintained; therefore, both of the settling property and the
vibration suppression can be satisfied.

Further, feedforward controller 1001 may generate feed-
forward torque command signal T by multiplying feedior-
ward acceleration command signal Afl calculated by second-
order diflerentiating feedforward position command signal
Off by an additional value of nertia of the electric motor,
inertia of the control target load, and load acceleration
teedback gain Kacc.

Second Exemplary Embodiment

FIG. 4 1s a diagram showing an example of a configura-
tion of an electric motor control device of a second exem-
plary embodiment of the present mvention. FIG. 4 1s dif-
ferent from FIG. 1 in acceleration detector 206 and
teedforward torque command generator 307. Since func-
tions of the other components than the above components
are 1dentical to the functions of the electric motor control
device of the first exemplary embodiment of the present
invention shown in FIG. 1, a redundant description will be
omitted.

Acceleration detector 206 performs low-pass filtering or
high-pass filtering on the acceleration of load 204 for the
purpose of removing detected noise component, and outputs
the filtered signal as load acceleration signal AL. When the
filtering process 1s performed 1n acceleration detector 206,
an apparent change 1n the inertia due to the load acceleration
teedback 1s affected by the filtering process. Therefore, 1t 1s
necessary to consider the filtering process by acceleration
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detector 206 during the calculation process of feedforward
torque command signal Ti by feedforward torque command
generator 307.

Next, a configuration of feediforward torque command
generator 307 will be described. FIG. 5 1s a diagram showing
an example of a configuration of feedforward torque com-
mand generator 307 of the second exemplary embodiment of
the present ivention.

Feedforward torque command generator 307 internally
has 1nertia multiplier 3071, filter 3072, and load acceleration
teedback gain multiplier 3073.

Inertia multiplier 3071 receives feedforward acceleration
signal Afl. Inertia multiplier 3071 uses an additional value of
clectric motor 1nertia Jm and load mertia JL. as a weighting
coellicient, and outputs a result obtamned by multiplying
teedforward acceleration signal Afl by the weighting coet-
ficient as first feedforward torque command signal Till.

Similarly, filter 3072 receives feediorward acceleration
signal Afl. Filter 3072 performs on mnput feedforward accel-
cration signal Afl a filtering process equivalent to the filter-
ing process performed on the acceleration of the load by
acceleration detector 206, and outputs the filtered signal as
teedforward acceleration command correction signal Afic.

Load acceleration feedback gain multiplier 3073 receives
teedforward acceleration command correction signal Aflc
and outputs, as second feedforward torque command signal
tii2, a value obtained by multiplying feedforward accelera-
tion command correction signal Afic by load acceleration
teedback gain Kacc.

An additional value of first feedforward torque command
signal Tifl and second feedforward torque command signal
T2 1s output from feedforward torque command generator
307 as feedforward torque command signal Til.

As described above, when feedforward torque command
generator 307 calculates feediorward torque command il
from feedforward acceleration command signal Afl, the load
acceleration feedback gain 1s considered in addition to the
inertias of the electric motor and the load, and, 1n addition,
the filtering process performed on the load acceleration 1s
performed. With this configuration, the feedforward torque
command 1s calculated in which the change, 1n the total
inertia of the control target with respect to torque command
signal ts, due to the load acceleration feedback 1s taken 1nto
consideration. As a result, the difference between the opera-
tion command and the operation of the electric motor at the
time of an acceleration-deceleration operation 1s reduced,
and 1t 1s possible to 1improve operation delay, overshoot,
undershoot, or the like just before stopping.

As described above, 1n the present exemplary embodi-
ment, an amount of the reduction, in the acceleration-
deceleration torque, due to the load acceleration feedback 1s
previously compensated 1n the feedforward torque calcula-
tion by the feedforward control system, taking into consid-
cration the filtering process in the acceleration detector with
respect to the load acceleration, so that the vibration sup-
pression eflect 1s enhanced due to the load acceleration
teedback and, at the same time, the command follow-up
performance 1s maintained. As a result, the vibration sup-
pression effect 1s achieved due to the load acceleration
teedback, and, at the same time, the command follow-up
performance 1s maintained; therefore, both of the settling
property and the vibration suppression can be satisiied.

As described above, 1n electric motor control device 100
of the present exemplary embodiment, adder-subtractor 108
generates torque command correction signal tin by subtract-
ing from torque command signal ts the load acceleration
teedback torque obtained by multiplying a signal obtained
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by performing a filtering process on load acceleration signal
AL representing the acceleration of the control target load by
load acceleration feedback gain Kacc. Further, feedforward
controller 1001 generates feedforward torque command
signal Tl by adding the following two signals: a signal
obtained by multiplying feedforward acceleration command
signal Afl calculated by second-order differentiating feed-
forward position command signal 04 by an additional value
of the imertia of the electric motor and the inertia of the
control target load; and a signal obtained by multiplying a
signal obtained by performing a filtering process equivalent
to the filtering process on feedforward acceleration com-
mand signal Afl by load acceleration feedback gain Kacc.

As a result, the diflerence between the operation com-
mand and the operation of the electric motor at the time of
an acceleration-deceleration operation 1s reduced, and 1t 1s
possible to improve operation delay, overshoot, undershoot,
or the like just before stopping.

Further, in the present exemplary embodiment, the filter-
ing process 1s performed on the load acceleration 1n the
acceleration detector; however, the filtering process may be
performed on the load acceleration 1n the electric motor
control device.

As described above, the electric motor control device
according to the present mvention provides the vibration
suppression eflect due to the load acceleration feedback
while maintaining the command follow-up performance.
Therefore, 1t 1s possible to satisfy both of the settling
property and the wvibration suppression. By relaxing or
removing a trade-ofil relation between a load acceleration
feedback gain (acceleration feedback amount) and a com-
mand follow-up performance, 1t 1s possible to provide an
clectric motor control device 1n which a vibration suppres-
s1on eflect 1s enhanced by acceleration feedback from a load
side and, at the same time, the command follow-up perfor-
mance 1s maintained. Therefore, the present invention 1s
suitable for applications such as an electric motor control
device used for semiconductor manufacturing equipment, an
clectronic component mounter, and the like.

What 1s claimed 1s:

1. An electric motor control device that drives a control
target load, the electric motor control device comprising:

a feedforward controller that receives a position command
signal to specily a target position of the control target
load and outputs a feedforward position command
signal representing a target position ol the electric
motor, a feedforward speed command signal represent-
ing a target speed of the electric motor, and a feedior-
ward torque command signal representing a torque
necessary for the electric motor to perform an operation
indicated by the target position or the target speed;

a feedback controller that receives the feedforward posi-
tion command signal, the feedforward speed command
signal, an electric motor position signal representing a
position of the electric motor, an electric motor speed
signal representing a speed of the electric motor, and
outputs a feedback torque command signal represent-
ing a torque command to perform feedback control 1n
such a manner that the electric motor position signal
and the feedforward position command signal coincide
with each other; and

an adder-subtractor that subtracts a load acceleration
teedback torque signal obtained by multiplying a load
acceleration signal representing acceleration of the
control target load by a load acceleration feedback gain
from a torque command signal obtained by adding the
feedforward torque command signal and the feedback
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torque command signal, and outputs a result of a
subtraction as a torque command correction signal,

wherein the feedforward controller generates the feedior-

ward torque command signal so as to previously com-
pensate an eflect of the load acceleration feedback
torque signal that 1s subtracted from the torque com-
mand signal at a time of an acceleration-deceleration
operation.

2. The electric motor control device according to claim 1,
wherein the feedforward controller generates the feedfor-
ward torque command signal by multiplying a feedforward
acceleration command signal calculated by second-order

dif

‘erentiating the feedforward position command signal by

an additional value of 1nertia of the electric motor, 1nertia of
the control target load, and the load acceleration feedback 13

gain.

3. The electric motor control device according to claim 1,
wherein the adder-subtractor generates a torque command

10

14

correction signal by subtracting from the torque command
signal a load acceleration feedback torque signal obtained by
multiplying a signal obtained by performing a filtering
process on the load acceleration signal representing the
acceleration of the control target load by the load accelera-
tion feedback gain, and
the feedforward controller generates the feedforward
torque command signal by adding following two sig-
nals: a signal obtained by multiplying a feedforward
acceleration command signal calculated by second-
order differentiating the feedforward position com-
mand signal by an additional value of inertia of the
clectric motor and 1nertia of the control target load; and
a signal obtained by multiplying a signal obtained by
performing a filtering process equivalent to the filtering
process on the feedforward acceleration command sig-
nal by the load acceleration feedback gain.
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